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Heat transfer enhancement using micro fabrication surface on plate evaporator 
Yusuke KAWABATA*1, Akio OKAMOTO*2, Yoshio ITSUMI*2,  
Hirohumi ARIMA*1 and Yasuyuki IKEGAMI*1 
*1 Institute of Ocean Energy, Saga University, 1-Honjo, Saga, 840-8502, Japan 
*2 KOBE STEEL, LTD., 2-4, Wakinohama-Kaigandori 2-chome, Chuo-ku, Kobe, Hyogo 
A Low-grade Thermal Energy Conversion (LTEC) is refocused as one of the renewable energy. For the LTEC and 
Refrigerator/Heat Pump, it is very important to enhance the heat transfer on heat exchanger though the available 
temperature deference is smaller than conventional thermal system. In the paper, the micro fabrication surface on plate 
heat exchanger is proposed as one method for enhanced heat transfer coefficient. The manufacture for micro fabrication 
surface on plate heat exchanger is introduced using surface configuration. The experimental performance test as 
evaporator is evaluated on comparison with normal surface heat exchanger using HFC245fa. The results show the 
boiling heat transfer coefficient of micro fabrication surface was larger than that of normal surface. 
Key Words : Micro Fabrication Surface, Plate type heat exchanger,HFC245fa 
1. ⥴ゝ 
 ἨỈⓎ㟁ࡸᾏὒ ᗘᕪⓎ㟁࡞࡝ࡢప⇕※ ᗘᕪⓎ㟁(LTEC)ࡀ㸪࢚ࢿࣝࢠ࣮ၥ㢟ࡸ⎔ቃၥ㢟ࡀ⥭ᛴࡢㄢ㢟࡜ࡋ
࡚ᅜෆ࠾ࡼࡧᾏእ࡛ྲྀࡾἋửࡉࢀࡿ୰㸪ࡑࡢ㧗ᛶ⬟໬ࡀᮇᚅࡉࢀ࡚࠸ࡿ㸬ࡇࢀࡽࡢ࢚ࢿࣝࢠ࣮ࢩࢫࢸ࣒ࡣ㸪ᚑ᮶
ࡢⅆຊⓎ㟁➼࡜ẚ㍑ࡋ࡚฼⏝ࡍࡿ ᗘᕪࡀᑠࡉ࠸ࡓࡵ⇕஺᥮ჾࡢ㧗ᛶ⬟໬ࡣᴟࡵ࡚㔜せ࡛࠶ࡿ㸬ᚑ᮶࠿ࡽ㸪ࡇࡢ
ࡼ࠺࡞ LTECࡸ෭෾ᶵ࡟࠾࠸࡚ࣉ࣮ࣞࢺᘧ⇕஺᥮ჾࡀ⏝࠸ࡽࢀ㸪ᩘከࡃࡢ㧗ᛶ⬟໬ࢆ┠ᣦࡋࡓ◊✲㛤Ⓨࡀ⾜ࢃࢀ
࡚࠸ࡿ㸬≉࡟㸪ఏ⇕㠃ࡢᙧ≧ࡸ⾲㠃࡟࣏࣮ࣛࢫ࡞࡝ఏ⇕㠃ຍᕤࢆ᪋ࡍ᪉ἲࡣ㸪ᵝࠎ⾜ࢃࢀ࡚࠸ࡿ㸬୰࡛ࡶࣉ࣮ࣞ
ࢺࢆࣉࣞࢫຍᕤᚋ࡟⾲㠃࡟࣏࣮ࣛࢫ࡞࡝ࢆ᪋ࡍᢏ⾡ࡣ㸪ຠᯝࡣ᫂ࡽ࠿࡟࠶ࡿࡶࡢࡢ⤒῭ᛶࡸ㐠⏝ࡢ㠃࡛㸪࠶ࡲࡾ
ᐇ⏝໬ࡉࢀ࡚࠸࡞࠸ࡢࡀ⌧≧࡛࠶ࡿ㸬ࡇࡢࡼ࠺࡞≧ἣࡢ୰㸪ⴭ⪅ࡽࡣ㸪ࣉ࣮ࣞࢺᘧ⇕஺᥮ჾ⏝ࡢⷧᯈࢆ〇㐀ࡍࡿ
ẁ㝵࡛ᚤ⣽ຍᕤࢆ᪋ࡋ㸪ࡑࡢఏ⇕㠃ࡢఏ⇕ಁ㐍࡟㛵ࡍࡿ◊✲ࢆ⾜ࡗ࡚࠸ࡿ(1-4)㸬ᮏ◊✲࡛ࡣᚤ⣽ຍᕤࢆ᪋ࡋࡓⷧᯈ
࡟ࣉࣞࢫຍᕤࡋࡓఏ⇕㠃ࢆᣢࡘ࣮࣊ࣜࣥ࣎ࣥࡢࣉ࣮ࣞࢺᘧ⇕஺᥮ჾ࡜㸪ᐇ㝿࡟⏝࠸ࡽࢀ࡚࠸ࡿᚤ⣽ຍᕤ࡞ࡋࡢ⇕
஺᥮ჾ࡜ࡢఏ⇕ಁ㐍ຠᯝ࡟㛵ࡍࡿホ౯ヨ㦂ࢆ⾜࠺ࡇ࡜ࢆ┠ⓗ࡜ࡍࡿ㸬 
 
2. ⾲㠃ᚤ⣽ຍᕤࢆ᪋ࡋࡓఏ⇕ᯈ 
⇕ఏ㐩ຠ⋡ࢆྥୖࡉࡏࡿࡓࡵ㸪㏻ᖖࡢࣉ࣮ࣞࢺ⇕஺᥮ჾ࡛ࡣ࣮ࣘࢨ࣮ࡢ௙ᵝ࡟ࡼࡾ࣮࣊ࣜࣥ࣎ࣥ➼ࡢᙧ≧࡟ᡂ
ᙧຍᕤࡀ௜୚ࡉࢀࡿ㸬ࡇࢀ࡟ᑐࡋ࡚ᮏ◊✲࡛ࡣ㸪ࢳࢱࣥⷧᯈ⮬㌟ࡢ⾲㠃࡟ᚤ⣽࡞✺㉳ࢆ௜୚ࡍࡿࡇ࡜࡟ࡼࡾ⇕ఏ
㐩ຠ⋡ࡢྥ 㸦ୖ⾲㠃✚ᣑ኱ຠᯝ㸪஘ὶಁ㐍ຠᯝ㸪᰾Ἓ㦐ಁ㐍ຠᯝ㸧ࢆ┠ᶆ࡜ࡋࡓࢳࢱࣥⷧᯈࡢ〇㐀ᢏ⾡ࢆ⏝࠸ࡿ (ᅗ
1)㸬ࡇࡢᚤ⣽࡞✺㉳ࡣ㸪⏕⏘ᛶ࠾ࡼࡧ〇㐀ࢥࢫࢺࢆ⪃៖ࡋ࡚㸪㧗㏿ຍᕤࡀྍ⬟࡞෭㛫ᅽᘏᕤ⛬࡛ࡢ㌿෗ᅽᘏ(࣮࣡
 
* ཎ✏ཷ௜ 2013ᖺ 7᭶ 31᪥ 
*1 బ㈡኱Ꮫ ᾏὒ࢚ࢿࣝࢠ࣮◊✲ࢭࣥࢱ࣮㸦ࠛ840-8502 బ㈡ᕷᮏᗉ 1㸧 
*2 ⚄ᡞ〇㗰 
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ࢡ࣮ࣟࣝ࡟ฝพᙧ≧௜୚ࡋ㸪ࢳࢱࣥᯈࢆ 2 ᮏࡢ࣮࡛ࣟࣝᅽୗࡍࡿ᫬࡟ฝพᙧ≧ࢆᯈ࡟㌿෗ࡍࡿ)࡟࡚〇㐀ࡉࢀࡿ㸬
ࡋ࠿ࡋ࡞ࡀࡽ㸪㧗࠸✺㉳ᙧ≧(ᩘ༑Pm)ࢆᅽᘏᕤ⛬࡛సࡿࡓࡵ࡟ࡣ㸪㐺ษ࡞ฝพᙧ≧࡜ࡑࡢᅽᘏ᮲௳ࡢ㑅ᢥ࠾ࡼࡧ㸪
〇ရ⣲ᮦ࡜ࡋ࡚ࡢᯈཌࡸᖹᆠᗘࢆᐇ⌧ࡍࡿࡓࡵࡢ㧗ᗘ࡞ᅽᘏᢏ⾡࡜ࣉࣟࢭࢫ඲యࡢタィࡀᚲせ࡟࡞ࡿ㸬ᒸᮏࡽࡣ
(1,2)㸪ᑠᆺᅽᘏᶵ࡟ࡼࡿᐇ㦂࡜ᐇᶵヨసࢆ㏻ࡋ࡚㸪ᅽᘏ⌮ㄽࢆ⏝࠸ࡓᅽᘏⲴ㔜ண ࡸᖹᆠᗘࡢᨵၿ࡟ࡼࡾ㸪⾲㠃ᚤ
⣽ຍᕤࢆ᪋ࡋࡓࢳࢱࣥᯈࢆᐇ⌧ࡋࡓ㸬㏻ᖖ㸪ⷧᯈ⾲㠃ࡢᚤ⣽ຍᕤࡣ㸪ᅽᘏ㐣⛬ᚋ࡟㔠ᒓ⌫࡞࡝ࡢ྿௜ࢆ⾜࠺ࡇ࡜
࡟ࡼࡾᙧᡂࡉࢀࡿࡀ㸪⚄ᡞ〇㗰࡛ࡣ㸪ᅽᘏ㐣⛬୰࡟⾲㠃࡟ᚤ⣽ຍᕤࢆ᪋ࡍᢏ⾡ࢆ㛤Ⓨࡋࡓ㸬ᅗ 2࡟㸪ᚤ⣽ຍᕤ㒊
ศࡢᣑ኱ᅗ࡜㸪พฝࡢ῝ࡉࢆ♧ࡍࢢࣛࣇࢆ♧ࡍ㸬ࡇࡢᅗࡼࡾ㸪⾲㠃࡟ᩘ༑Pm ࡢพฝࢆᣢࡘⷧᯈࢆᏳ౯࡛ᙧᡂࡍ
ࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿ㸬 


Fig.1 Micro Fabrication Surface                   Fig.2 Cross-section of micro fabrication surface 

 3. ᐇ㦂⿦⨨࠾ࡼࡧᐇ㦂᪉ἲ 
ᅗ 3࡟㸪ᐇ㦂⿦⨨ࡢࣇ࣮ࣟ⥺ᅗࢆ♧ࡍ㸬ᐇ㦂⿦⨨ࡣ㸪⵨Ⓨჾ㸪จ⦰ჾ࠾ࡼࡧసືὶయ࣏ࣥࣉ࠿ࡽ࡞ࡿ㸬⇕※ࡣ㸪
୍ᐃ ᗘ࡟ไᚚࡉࢀࡓ Ỉ࠾ࡼࡧ෭Ỉࢆ⏝࠸ࡓ㸬ᐃᖖࢆ☜ㄆࡋ㸪5ศ㛫ࡢࢹ࣮ࢱࢆ⟬⾡ᖹᆒࡋ㸪ࡑࢀࢆ 3ᅇ⾜࠸
ࢹ࣮ࢱᩚ⌮ࡋࡓ㸬⵨Ⓨჾࡣ㸪ᚤ⣽ຍᕤࢆ᪋ࡋࡓࣉ࣮ࣞࢺࢆ⏝࠸ࡓ⵨Ⓨჾ A (EX-A)࡜ᚤ⣽ຍᕤࢆ᪋ࡋ࡚࠸࡞࠸㏻ᖖ
ࡢࣉ࣮ࣞࢺࢆ⏝࠸ࡓ⵨Ⓨჾ B (EX-B)ࢆ୪ิ࡟タ⨨ࡋ࡚ẚ㍑ࢆ⾜ࡗࡓ㸬ࣉ࣮ࣞࢺࡣ㸪ࢳࢱࣥ〇(O=17 W/m㺃K)࡛㛗
ࡉ H=270mm㸪ᖜ w= 137mm㸪ཌࡉ t=0.45mm㸪ࣉ࣮ࣞࢺ㛫ࡢ㝽㛫G=2.5mm㸪ࣉ࣮ࣞࢺᯛᩘࡣ㸪ࡑࢀࡒࢀ 7ᯛ࡛࠶
ࡿ㸬⥲ఏ⇕㠃✚ࡣ㸪⵨ⓎჾA㸪B࡜ࡶ࡟ 0.39m2࡛࠶ࡿ(ᅗ 4)㸬 
⾲ 1࡟ᮏ◊✲ࡢᐇ㦂᮲௳ࢆ♧ࡍ㸬ᐇ㦂࡛ࡣ㸪సືὶయࡢ㉁㔞ὶ᮰ Gࢆ 5㹼20kg/m2㺃s࡛⾜ࡗࡓ㸬௒ᅇࡢ㉁㔞ὶ᮰
ࡣ㸪୍⯡ⓗ࡟ࣉ࣮ࣞࢺᘧ⇕஺᥮ჾ࡛฼⏝ࡉࢀ࡚࠸ࡿ㉁㔞ὶ᮰ࡢ⠊ᅖ࡛࠶ࡿ㸬࡞࠾㸪ࡇࡢ⠊ᅖࡣ㸪୍⯡ⓗ࡟෇⟶ᘧ
ࡢ⇕஺᥮ჾ࡛⏝࠸ࡽࢀ࡚࠸ࡿ㉁㔞ὶ᮰ 100㹼400 kg/m2㺃s࡜ẚ㍑ࡍࡿ࡜࠿࡞ࡾᑠࡉ࠸㸬సືὶయ࡟ࡣࣇࣟࣥ፹య࡛
࠶ࡿ HFC-245faࢆ⏝࠸ࡿ㸬 
 
Table 1 Experimental Condition 







EX-A EX-B 
 Ỉධཱྀ ᗘ㸸Twsi [Υ] 19.1~31.8 27.5~32.0 
෭Ỉධཱྀ ᗘ㸸Tsci [Υ] 12.5~13.5 5.7~6.5 
 Ỉὶ㔞㸸mws [t/h] 3.2 3.2 
෭Ỉὶ㔞㸸mcs [t/h] 3.8 4.2 
㉁㔞ὶ᮰㸸G [kg/m2s] 5.0㹼20.4 4.9㹼20.4 
㻙㻡
㻡
㻝㻡
㻞㻡
㻟㻡
ᅽᘏ㛗ᡭ᪉ྥ㻔μ 㼙㻕
พ
ฝ
㧗
䛥㻔
μ
㼙㻕
⪏ຊ 170MPa⣭(᪤㛤Ⓨᮦ) 
⪏ຊ 170MPa⣭ 
⪏ຊ 220MPa⣭ 
⪏ຊ 280MPa⣭ 
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
Fig.3 Schematic diagram of Experimental Apparatus 


Fig.4 micro fabrication surface on plate evaporator 




170mm 270mm 
137mm 
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4. ࢹ࣮ࢱᩚ⌮᪉ἲ 
ᮏ◊✲࡛⏝࠸ࡓࢹ࣮ࢱࡢᩚ⌮᪉ἲ࠾ࡼࡧ௦⾲ⓗ࡞ࣃ࣓࣮ࣛࢱࡢᐃ⩏ᘧࢆ♧ࡍ㸬⇕㏻㐣ಀᩘ UEࡣ㸪ḟᘧࢆ⏝࠸
ࡿ㸬 
ܷா = ܳா (ܣ ∙ ∆ ௠ܶா)⁄   (1) 
ࡇࡇ࡛㸪QEࡣ஺᥮⇕㔞㸪Aࡣఏ⇕㠃✚࡛ǼTmeࡣᑐᩘᖹᆒ ᗘᕪ࡛࠶ࡿ㸬QEࡣ㸪ḟᘧ࡛⟬ฟࡍࡿ㸬 
ܳா = ܥ௉ ∙ ݉௪௦( ௪ܶ௦௜ − ௪ܶ௦௢) (2) 
CPࡣỈࡢẚ⇕㸪mwsࡣὶ㔞㸪Twsi㸪Twsoࡣ Ỉࡢධཱྀ㸪ฟཱྀ ᗘ࡛࠶ࡿ㸬ǼTmeࡣ㸪ᘧ(3)࡛⾲ࡉࢀࡿ㸬  
∆ ௠ܶா =
(்ೢೞ೔ି భ்)ି(்ೢ ೞ೚ି ర்)
௟௡{(்ೢೞ೔ି భ்) (்ೢ ೞ೚ି ర்)⁄ }
 (3) 
ᘧ୰ࡢ T1ࡣసືὶయࡢฟཱྀ ᗘ㸪T4ࡣධཱྀ ᗘ࡛࠶ࡿ㸬⇕ὶ᮰ qEࡣ㸪ᘧ(4)࡛ィ⟬ࡉࢀࡿ㸬 
ݍா =
ொಶ
஺
 (4) 
஝ࡁᗘ xEࡣ㸪ḟᘧ࡛ồࡵࡿ㸬 
ݔா =
௛భି௛భ
ᇲ
௛భ
ᇲᇲି௛భ
 (5) 
h1ࡣ QE࡜⵨Ⓨჾධཱྀࡢ࢚ࣥࢱࣝࣆ࣮h4࠿ࡽ⟬ฟࡋࡓ⵨Ⓨჾฟཱྀࡢ࢚ࣥࢱࣝࣆ࣮࡛࠶ࡿ㸬h1’㸪 h1’’ࡣ⵨Ⓨჾฟ
ཱྀࡢᅽຊ࠿ࡽ⟬ฟࡋࡓ࢚ࣥࢱࣝࣆ࣮࡛࠶ࡿ㸬సືὶయഃࡢ⇕ఏ㐩ಀᩘ hwfࡣ㸪Ỉഃࡢ⇕ఏ㐩ಀᩘ hwsࢆ⏝࠸࡚ḟᘧ
ࡼࡾᑟฟࡋࡓ㸬 
ଵ
௛ೢ೑
=
ଵ
௎ಶ
−
ଵ
௛ೢೞ
−
௧
ఒ
 (6) 
⵨Ⓨჾ࡟࠾ࡅࡿỈࡢ⇕ఏ㐩ಀᩘࡢ᥎⟬ᘧࢆ㸪Wilson Plot ἲ(5)ࡼࡾᑟฟࡍࡿ㸬⵨Ⓨჾ࡟ Ỉ࡜෭Ỉࢆྠࡌὶ㏿࡛
ὶࡋ㸪ࡑࡢ⇕ఏ㐩ಀᩘࡀ➼ࡋ࠸࡜⪃࠼ࡿ࡜㸪ᘧ(6)ࡣḟᘧࡢࡼ࠺࡟࡞ࡿ㸬 
ଵ
௛ೢೞ
= ቀ
ଵ
௎ಶ
−
௧
ఒ
ቁ 2⁄  (7) 
 ᘧ(7)ࡼࡾ 1/hws࡜ Ỉࡢὶ㏿ vwsࢆᘧ(8)ࡢࡼ࠺࡟ᐃ⩏ࡍࡿ㸬 
ଵ
௛ೢೞ
= ܽ ∙ ݒ௪௦
ି଴.଼ (8) 
ࡇࡢᘧࢆኚᙧࡋ࡚㸪ᘧ(9)ࡢᙧ࡟ࡍࡿ㸬 
௛ೢೞ
௩ೢೞ
బ.ఴ =
ଵ
௔
 (9) 
ࡇࡢᘧࡢ୧㎶࡟┦ᙜ┤ᚄDeq (=2wG /(w+G) )࡜ࣉࣛࣥࢺࣝᩘ Prwsࢆ⏝࠸࡚㸪ᘧ(10)ࡢࡼ࠺࡞ Nuᩘࡢᙧ࡟ࡍࡿ㸬 
ܰݑ = ܴܿ݁௪௦
଴.଼ܲݎ௪௦
ଵ ଷ⁄  (10)  
 


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5. ᐇ㦂⤖ᯝ 
5-1. Ỉࡢ⇕ఏ㐩ಀᩘ 
⵨Ⓨჾ࡟ὶ㏿ࡀ➼ࡋ࠸ Ỉ(Tws=34Υ)࡜෭Ỉ(Tcs=8Υ)ࢆὶࡋ㸪Wilson Plotἲࡼࡾ Ỉࡢ⇕ఏ㐩ಀᩘࡢ᥎⟬ᘧࢆồ
ࡵࡿ㸬ᅗ 5࡟ vws࡜(1/U - t /O)/2ࡢ㛵ಀࢆ♧ࡍ㸬ᅗ୰ࡢᐇ⥺ࡣ㏆ఝ᭤⥺࡛࠶ࡾ㸪ࡇࡢ㏆ఝ᭤⥺ࡢಀᩘ࠿ࡽ㸪ᘧ(10)
ࡢಀᩘ cࢆồࡵࡿ࡜ᘧ(11)ࡢࡼ࠺࡞ᙧ࡜࡞ࡗࡓ㸬 
ܰݑ = 0.125ܴ݁௪௦
଴.଼ܲݎ௪௦
ଵ ଷ⁄  (11) 
ࡇࡢ᥎⟬ᘧ࠿ࡽồࡵࡓ Nuᩘ࡜㸪ᐇ㦂್࠿ࡽ⟬ฟࡋࡓ Nuᩘࢆẚ㍑ࡋࡓࡶࡢࢆᅗ 6࡟♧ࡍ㸬ᅗ 5ࡼࡾ㸪᥎⟬ᘧ࡜
ᐇ㦂್ࡣ࡯ࡰྠ➼࡛࠶ࡿ࡜ࡳ࡞ࡍࡇ࡜ࡀฟ᮶ࡿ㸬ࡲࡓ㸪Joker(6)ࡸMuley(7)ࡢồࡵࡓᘧ࡜ẚ㍑ࡍࡿ࡜㸪௒ᅇࡢᐇ㦂࡛
ᚓࡽࢀࡓᘧࡢ್ࡣ኱ࡁࡃ㸪᭱ࡶ್ࡢ㏆࠸Muleyࡢᘧ࡜ẚ㍑ࡋ࡚ࡶ 60㸣࡯࡝኱ࡁࡃ࡞ࡗࡓ㸬 

Jokerࡢᘧ 
ܰݑ = 0.089ܴ݁଴.଻ଽܲݎ଴.ଷ (12) 
Muleyࡢᘧ 
ܰݑ = (0.2668 − 0.006967ߚ + 7.244 × 10ିହߚଶ) × ܴ݁[଴.଻ଶ଼ା଴.଴ହସଷ௦௜௡{గఉ ସହ⁄ ାଷ.଻}]ܲݎଵ ଷ⁄  (13) 
5-2. ㉁㔞ὶ᮰࡜⇕ఏ㐩ಀᩘࡢ㛵ಀ 
 ᘧ(11)ࢆ⏝࠸࡚ Ỉࡢ⇕ఏ㐩ಀᩘࢆ⟬ฟࡋ㸪ᘧ(6)ࡼࡾ HFC-245.fa ࡢ⇕ఏ㐩ಀᩘ hwfࢆồࡵࡓ㸬ᅗ 7࡟⇕ὶ᮰
qE࡜⇕ఏ㐩ಀᩘࡢ㛵ಀࢆ♧ࡍ㸬௒ᅇᐇ㦂ࡋࡓ㉁㔞ὶ᮰ᇦ G=5㹼20kg/m2㺃s ࡛ࡣ㸪඲యⓗ࡟⾲㠃ᚤ⣽ຍᕤࡢ᪋ࡉࢀ
࡚࠸ࡿ EX-Aࡢ᪉ࡀ㸪ᚑ᮶ࡢࣉ࣮ࣞࢺ࡛࠶ࡿ EX-Bࡼࡾࡶ⇕ఏ㐩ಀᩘࡣ኱ࡁࡃ㸪ᚤ⣽ຍᕤ࡟ࡼࡗ࡚ẆἛ㦐ࡀಁ㐍
ࡋࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸬≉࡟㸪qE=5 kW/m2௜㏆࡛ࡣ㸪ࡑࡢᕪࡀ㢧ⴭ࡛࠶ࡾ㸪᭱኱࡛⣙ 2.6ಸࡢ⇕ఏ㐩ಀᩘࡢྥୖ
ࡀぢࡽࢀࡓ㸬 
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Fig.6 (Nuws/ Prws1/3 vs. Rews 
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Fig.7 hwf vs. qE 
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6. ⤖ㄒ 
⾲㠃࡟ᚤ⣽ຍᕤࢆ᪋ࡋࡓࣉ࣮ࣞࢺᘧ⵨Ⓨჾࡢᛶ⬟ヨ㦂ࢆ⾜࠸㸪௨ୗࡢ⤖ᯝࢆᚓࡓ㸬 
(1)  Ỉࡢ⇕ఏ㐩ಀᩘࡢ᥎⟬ᘧࢆᚓࡓ㸬 
(2) ⾲㠃ᚤ⣽ຍᕤࢆ᪋ࡋࡓఏ⇕ᯈࢆ⏝࠸ࡓሙྜ㸪ᚑ᮶ࡢᖹ⁥࡞ఏ⇕ᯈ࡜ẚ㍑ࡋ࡚㸪᭱኱࡛⣙ 2.6 ಸࡢ⇕ఏ㐩ಀᩘ
ࡢྥୖࡀほᐹࡉࢀࡓ㸬 
௒ᚋࡣ㸪HFC-245fa௨እࡢసືὶయ࡛ࡶྠᵝࡢຠᯝࡀᚓࡽࢀࡿ࠿ࢆᐇ㦂ࡋ࡚࠸ࡃணᐃ࡛࠶ࡿ㸬 

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